I INTRODUCTION
The significant sources of airborne radioactivity are 222Rn and 220Rn. However, 222Rn and 220Rn are not the sole contributors to hazardous radiation dose, as dose is actually delivered by the decay products of 222Rn and 220Rn series. The principal decay products of 222Rn are 218Po, (t112=3.05 min), 214Pb, (ti 2=26.8 min), 214Bi (t12=19.9 min) and 214Po (t172= 0.000164s). The decay products of 220Rn series are 216Po (t1/2=0.145s), 212Pb (t1/2=10.64hr), 212Bi (t1/2=60.55min) and 212Po (t1/2=299ns). A number of well-known methods exist to measure 222Rn and 220Rn concentrations in air. Most measurement methods involve drawing a specified volume of air through a filter followed by analysis of the activity on the filter as a function of time during and after the sampling. The substantial parts of dose measuring techniques employ the detection of alpha particles. Usually the detection is performed either by the decay method with gross-sampling by alpha energy spectrometry or by some other techniques 1) These methods have been developed for determining the activity of radon decay products present in the contaminated air 2) The common detector to analyze the activity of the alpha particle is a solid state detector or a traditional ZnS (Ag) scintillation detector.
All these commercial instruments are expensive, too large, less portable and troublesome to conduct experiment in the usual environment. In addition, these instruments are also sensitive to change of humidity and temperature 3) The imaging plate (IP) as a radiation detector was thus introduced with a potential to overcome these limitations.4) This IP radiation detector is a passive radiation detector that applies photo-stimulated luminescence (PSL). It has a broad dynamic range for all radiations as well as ultrahigh sensitivity, superior linearity, high spatial resolution, easy portability and reusability by erasing the image on the IP.5)
The IP method envisages the latent radiation images of the collection media with a high sensitivity through digital process and quantifies the position and intensity of the radiation image. A bio-imaging analyzer of Fuji Film Company Limited (BAS-5000) was used as image reader in this study.6) The intensity of the laser-induced luminescence from the image analyzer is reported in PSL units per pixel that is proportional to the total incident radiation intensity recorded on IP. The image reader produces a graphical image of alpha spots using a software "Multigauge" version 3.0 from Fujifilm Co. Ltd. The graphical images were then analyzed by an originally developed "Alpha counting Program" coded in Visual Basic was used.7 The counting program scans the graphic images and count the total alpha spots obtained. The alpha spots have diameters of five to ten pixels and each pixel is equal to 25,i m. According to the consideration of the "Alpha counting Program" alpha spot consisted of a 3 X 3 pixel that contain a centre pixel having the highest PSL value than the surrounding eight pixels and this center pixel need to have a PSL value over 0.01 and the total PSL value of 3 X 3 pixel exceeds over 0. process. The present study attempts to evaluate the alpha detection efficiency of the IP alpha radiation detector.
II MATERIALS AND METHODS

Experimental
The experiment for this study was conducted by drawing an air sample through a thirteen stage low pressure Anderson cascade impactor (LP-20RPS47, Tokyo Dylec Co. Ltd.).The air sample was collected on 47 mm diameter of stainless steel plates with a coating of grease (7.5 mg cm 2) as collection media at a flow rate of 25.7Lmin-1. The air sample was drawn in a closed ventilation condition, as increased ventilation results in less existence of 222Rn and 220Rn decay products in the room. The unattached clusters of radon decay products were removed from the entrance air by using a single wire screen mesh 500 and hence the aerosol attached decay products were only considered for this study. The aerosol collection time was 60min and cooling time was 20min. The cooling time was set long enough for decaying out of 218Po. Afterwards, all the collection media were placed in IP cassette to keep in a close contact with the IP sheet and allowed to have a radiation exposure of successive 60mm.
After the completion of exposure of the IP sheet, within short possible time gap, usually 3 minutes, IP sheet was placed in the IP reader for scanning the irradiated IP sheet and to detect the alpha particles as a number of spots; and the four collection media that contain the higher activity than the others were taken out from the IP cassette to place in the alpha spectrometer (Micro a -ray measurement system, Hitachi Ltd, Japan) and allowed to be evaluated for the next consecutive 60 mins. This alpha spectrometer was considered as the refer- 
Conceptual
Generally, the decay process of the radionuclide can mathematically be expressed by the following differential equation 10) where N is the number of atoms present at time t and) is the decay constant representing the average probability decay occurring per atom per unit time.
As N is reducing constantly in magnitude as a function of time, so if considered that, at time t=0, No atoms are present, then the integration of equation (1) gives the expression for the number of radioactive atom present at time t in the following form: where NA, NB, and NB represent the number of atoms and AA, AB, Ac represent the decay constants of 1St, 2nd and the 3rd decay products of the parent radionuclide present at time t and is the number of parent atoms present at time t=0.
The integral solution for these set of equations are:
During sampling, the decay products maintain a secular equilibrium with their parent nuclides. If it is considered that during sampling, the production rate of decay products is Pn (Qn 17) with an air concentration Qn at a flow rate V. The buildup of the decay product can be derived from the set of equations (3) as follows: For a certain period of time ti-t2, after the sampling is terminated, the radioactivity of the decayed products can be expressed in the form of integral solution of equation (7) For the current study, it is assumed that the air sample contained the decay products of both 222Rn and 220Rn series, which are the most the significant sources of alpha particles.
The atoms of 218Po, 214Pb, 214Bi and 214Po are the decay products of 222Rn series. Since half-life of 214Po is quite short, the decay of each 214Bi atom is followed practically instantaneously by the alpha decay of 214Po. Hence for the mathematical development, the 214Po emission may be treated as if it originated in the decay of 214Bi During collection of air sample, the radioactive growth for the decay products follows a secular equilibrium with the parents. The activity concentration of decay products in the air sample plays an important role to develop a theoretical growth curve of the decay products. Using the well-mixed air model it is predicted in the literature that, the indoor activity concentrations of unattached decay products of 222Rn has a greater variation with each other for a particular total aerosol concentration, whereas for the attached decay products this variation is small.11) A number of experiments have been conducted in this regard to practically obtain the activity concentration of attached decay products of 222Rn at indoor condition using a radon monitor (TRACERLAB GmbH, Germany).The activity concentration ratio for the attached three decay products of 222Rn found in the experiments is mostly 1:1:1. For this reason, to depict the theoretical growth curve of decay products, the activity concentration of the decay products of 222Rn were considered 218Po=1.OBgm-3, 214Bi=1.0Bgm-3, 214Bi=l.OBgm-3.
Concurrently for the decay products of 22R1, 212Pb was considered to be formed directly from 220Rn because of the short half-life (0.15 s) of 216Po. Also 212Bi is taken in consideration for the simultaneous emitter of alpha and beta particles owing to the short half-life (0.3,us) of 212Po. The average concentration of 222Rn and 220Rn is a very important factor. It is reported by several researchers that the mean indoor concentration ratios of 220Rn and 222Rn decay products is strongly affected by the type of used building materials and the ventilation condition. The mean concentration ratios of 220Rn decay products to 222Rn decay products were obtained 0.10 for concrete building material, 0.50 for Japanese traditional house with mud wall and 0.37 for new building materials. 12) For this study to pictorially develop the theoretical growth curve of 22ORn decay products , average concentration ratio of 220Rn to 222Rn decay products was considered as 0.33 and the activity concentration of the decay products of 220Rn were considered to be 212Pb=0.5OBq m-3, 212Bi=0.5OBq m-3.
With the above considerations, the growth curve of the decay products of 222Rn and 220Rn represented in Fig. 2 , can be depicted using the set of equations (6) . The growth curve was considered from the first minutes of collection of air sample to the consecutive 60 minutes in order to better represent the experimental condition. Decay curve was assumed from the very first minutes after the end of collection i.e. from the 61st minute. A successive 20 min cooling time was set for decaying out of 218Po. Next 60min were the exposure time for the IP sheet to be irradiated with the close contact of collection media and to detect the collected alpha particles. There was a three minutes gap due to manual transfer of the IP sheet to be read by the IP reader and simultaneously to place collection media in the alpha spectrometer. The successive 60 minutes were then the detection period of alpha particles on the collection media by the alpha spectrometer. Since 218Po is short lived product having half life of 3.05min and decay out during the cooling time and 214Pb is a beta emitter, the only potential alpha emitter is 214Bi. However, the alpha emission from 214Bi is only 0.02%. But the rest 99.98%
gives beta emission which subsequently decays to 214Po giving 100% alpha emission. The half-life of 214Po is so short that its decay trend could be considered to be very similar to that of 214Bi.
So the decay trend of 214Bi represents the radioactive alpha decay of 222Rn series during the irradiation of IP sheet.
Similar kind of occurrence takes place during the decaying of decay products of 220Rn series. Only exception is that, 212Bi decays to 212Po and 208T1 giving 36% of alpha emission and 64% of beta emission respectively. But this 64% of beta emission subsequently decays out to 212Po giving 100% of alpha emission. Thus the decay trend of 212Bi may be considered for radioactive alpha decay of 220Rn series. From this conceptual analysis, theoretical decay curve for 214Bi and 212Bi can be developed (Fig. 3 ) using equation (8) . (Fig. 4) . So the true activity during alpha spectrometer measurement can be calculated.
For this present study, as the growth and decay curves were 
